The safety of neighborhoods and availability of parks and facilities may influence adolescent physical activity independently or interactively. Methods: 9114 Canadians in grades 6 to 10 completed the 2006 Health Behavior in School-Aged Children Survey. The outcome of interest was students' self-reported participation in moderate-to-vigorous physical activity outside of school. A composite scale based on questions measuring student perceptions of safety was used to capture individual perceptions of safety. In addition, schools were grouped into quintiles based on the mean of the perceived safety scale, used as a proxy for peer perceptions. The number of parks and recreational facilities within 5 km of schools was abstracted from a geographical information system. Results: Moderate gradients in physical activity were observed according to individual and group perceptions of safety. Boys and girls with the highest perceptions of safety were 1.31 (95% CI: 1.17-1.45) and 1.45 (1.26-1.65) times more likely to be physically active, respectively, than those with the lowest perceptions. Compared with those who perceived the neighborhood as least safe, elementary students in higher quintiles were 1.31, 1.39, 1.37, and 1.56 times more likely to be physically active (P trend = 0.012). Increased numbers of recreational features were not related to physical activity irrespective of neighborhood safety. Conclusions: Individual and group perceptions of neighborhood safety were modestly associated with adolescents' physical activity.
A cross-national study of 11 to 15 year-olds conducted in 34 countries revealed that less than 50% of youth within each country achieved the recommended level of moderate-to-vigorous physical activity. 1 In addition to characteristics of individuals and their families, characteristics of the built and social environments may contribute to physical activity participation. 2 Most recent research has focused on aspects of the built environment that may promote or hinder moderate-to-vigorous physical activity among young people, including the availability of parks and recreational facilities within an individuals' neighborhood. [3] [4] [5] [6] [7] [8] [9] [10] [11] A similar number of studies have considered both perceived and tangible measures of safety. [4] [5] [6] [7] [12] [13] [14] [15] [16] The majority of adolescent based research appears to support the idea that availability of neighborhood facilities is mildly associated with adolescents' physical activity levels. Stronger associations have consistently been observed for neighborhood safety. This suggests that safety may be a more important determinant of physical activity than availability of parks and facilities. However, only 1 study to date has simultaneously considered both the effects of safety and facility availability 7 ; as such, it remains unclear if safety and availability of recreational features are independent predictors of physical activity and if so, which is the strongest. In addition, existing research has not investigated the effects of neighborhood safety on physical activity in a defined population of Canadian adolescents. In general, studies have been limited to small geographic regions, typically within larger urban areas in the United States.
The purpose of the current study was to examine the independent and interactive effects of 1) individual and group perceptions of neighborhood safety and 2) availability of parks and recreational facilities on physical activity participation in youth. It was hypothesized that neighborhood perceptions of safety and availability of recreational facilities would be independently associated with physical activity, and that together these would have a greater than multiplicative effect. For example, neighborhood safety may be an important factor in driving an adolescent's decision to use neighborhood recreational facilities. It was further hypothesized that the effects of neighborhood safety or availability of facilities would differ between genders, students of different ages, and urban and rural youth. Specifically, we suspected that girls, younger children, and those living in urban areas would be influenced more strongly by the safety of their neighborhoods. Identification of neighborhood characteristics that independently promote physical activity may inform population-level interventions or environmental planning aimed at improving current obesogenic environments.
Subjects and Methods

Survey Design
Data from the cross-sectional, nationally representative 2005/06 Canadian Health Behavior in School-Aged Children Survey (HBSC) were analyzed. Information on demographic, psychosocial characteristics, health behaviors, and health outcomes was collected from students in grades 6 to 10 in 188 publicly funded schools across Canada. The HBSC excluded youth attending private, special-needs, and home schools as well as institutionalized, incarcerated, and homeless youth. 17 Together, these excluded groups represent ~9% of this age group in Canada. 18 Institutional consent was solicited from school boards and individual schools; participating students provided parental and individual consent. The HBSC is conducted in collaboration with the World Health Organization, and the Canadian HBSC followed the established international protocol. 17 The HBSC survey is self-weighting and uses a cluster sampling design, with randomly selected classrooms reflecting the provincial distributions of schools by size, location, language, and religion. 17 Ethics approval was granted by the General Research Ethics Board of Queen's University. Approximately 75% of eligible students participated.
The HBSC collected information from 9672 children in grades 6 to 10 in 188 schools. Of these, 5 schools were not included because neighborhood-level information could not be linked to student information, leaving 9199 students in 183 schools. Of these, 85 students were excluded due to incomplete physical activity information, leaving 9114 (94.2%) students from 182 (97.3%) schools available for analysis.
Outcome: Physical Activity Outside of School
The outcome of interest was students' self-reported participation in moderate-to-vigorous physical activity outside of school. Students provided responses to the question: "outside of school hours, how many hours a week do you usually exercise in your free time so much that you get out of breath or sweat?" The physical activity question was developed by a panel of physical activity experts to be universally interpretable by students across countries participating in the HBSC. Moderate-to-vigorous physical activity levels provided by self-report are likely to overestimate true levels among participating students. 19 These measures do, however, provide reasonably valid estimates when compared with objective measures from accelerometer data, with kappa values of 0.6. 20 There were 6 response categories: "none," "about 1/2 hour," "about 1 hour," "about 2 to 3 hours," "about 4 to 6 hours," and "7 or more hours." Ordinal responses were grouped to create a dichotomous outcome (≥4 hours/week vs. <4 hours/week) that would be more easily interpretable for health policy. 21 The Centers for Disease Control and Prevention (CDC) recommend that children and youth engage in 60 minutes of moderate-to-vigorous physical activity on most if not all days of the week. 22 However, the optimal threshold for physical activity outside of school is unclear. Because total physical activity is composed of activities that occur inside and outside of school, we presumed that a threshold of 4 hours per week outside of school would be consistent with the CDC physical activity guideline given that a similar percentages of students achieved the 4 hour/week threshold for physical activity at school and the CDC recommendation for total physical activity (37% and 45% respectively).
Key Exposures
Individual Perceptions of Neighborhood Safety. Students responded to 3 statements/questions regarding the safety of their neighborhood: "I feel safe in the area where I live" (always, most of the time, sometimes, rarely or never), "Do you think that the area in which you live is a good place to live?" (it's really good, it's good, it's ok, it's not very good/ it's not good at all), and "it is safe for younger children to play outside during the day" (strongly agree, agree, neither agree nor disagree, disagree/strongly disagree). Principal component factor analysis revealed agreement between these 3 variables; factor loadings were 0.84, 0.85, and 0.66, respectively. The Cronbach's alpha coefficient indicated a reasonable level of internal consistency (0.68). These questions were combined with equal weight. Students were divided into quintiles based on this composite variable.
Group Perceptions of Neighborhood Safety. In addition to individuals' perceptions of neighborhood safety, peer perceptions of neighborhood safety were also considered. The group mean of the perceived safety scale was calculated for each school. Schools were then ranked and grouped into quintiles based on the group mean.
Neighborhood Parks and Recreational Facilities. Neighborhood-level data on parks and recreational facilities were obtained from CanMap Streetfiles, a cross-national geographical information system with positionally accurate geospatial data for schools, parks, trails, and recreational points of interest. 23 Using ArcGIS software (ESRI, Redlands, CA), participating schools were identified in CanMap Streetfiles according to street address. A 5-km circular buffer was applied around each school and was considered as a proxy for the residential neighborhood for the school. The 5-km buffer was based on previous research on the HBSC. 24, 25 Numbers of parks, trails, and recreation facilities within this 5-km buffer were counted. Parks included national parks, provincial and territorial parks, and municipal parks/sports fields. Trails included educational, recreational and park trails. Types of recreational facilities considered were: arenas, community centers, sportsplexes/stadiums, and swimming pools. A composite scale that considered the overall neighborhood recreational environment was constructed by combining ranked scores for each of the park/facilities. Schools were then divided into quintiles based on this composite score.
Potential Covariates. Variables considered a priori as potential covariates at the individual-level were: gender, grade, family socioeconomic status (SES), and perceived neighborhood aesthetics. Neighborhood-level confounders under consideration were neighborhood-level SES and geographic location. Of these, only variables that met conventional criteria for confounding were retained in multivariate models. 21 Gender and grade were self-reported by students. Students provided responses to questions regarding vehicle and computer ownership, bedroom sharing and holiday travel; these questions were used to create a 3-point Family Affluence Scale (low, medium, high), a proxy for family SES 26 which is associated with physical activity in Canadian youth. 24 Students were asked how much litter, broken glass and garbage was present in their neighborhood (lots, some, none) and to what extent there were run-down houses and buildings in the neighborhood (lots, some, none) Area-level SES was obtained from 2001 Canadian Census information using PCensus software 18 and determined by combining ranked scores for median household income, employment rate and the percent of the population with greater than high school education. 18 Schools were then divided into low, medium and high SES tertiles based on this overall score. Geographic location was imputed from Statistics Canada's Census Metropolitan Area data. 18 Schools were divided into 3 groups: urban schools inside metropolitan areas, urban schools outside metropolitan areas, and rural schools. Urban schools inside metropolitan areas were those located in urban cores, urban fringes, and secondary urban cores. Urban schools outside metropolitan areas were considered separately. Rural schools were those located in rural fringes or rural areas outside metropolitan areas.
27
Statistical Analysis. All statistical analyses were performed in SAS version 9.1 (SAS Inc, Cary, NC). To determine the relative importance of perceptions of safety and availability of neighborhood recreational features, multivariate multilevel analyses were performed that simultaneously considered: scales of individual and group perceptions of safety, a scale of neighborhood facility availability, and a parsimonious list of covariates that were significantly associated with the physical activity outcome (gender, grade, family affluence, and geographic location) and clustering by school. The SAS GLIMMIX procedure was used to fit generalized linear mixed models with a binomial distribution and logit link, to account for the clustered and hierarchical nature of the data. The method of estimation was a restricted maximum likelihood procedure. All multilevel logistic regression models employed a Newton-Raphson with ridging technique to aid convergence. 28 Cross-level interactions between the key exposures (individual-level safety, group-level safety, and facility scales) and grade, gender, and urban location were suspected a priori. Significant interactions by gender, grade, and location were observed for each of the scales using likelihood ratio tests for interaction. Therefore, multivariate analyses were performed within gender, age, and location subcategories. To test the hypothesis that individual perceptions of safety modify the relationship between facility availability and physical activity, this interaction was tested and results were presented within perception subgroups.
Since physical activity is not a rare outcome, odds ratios obtained from multilevel logistic regression do not necessarily approximate relative risk. 29 Therefore, rate ratios (RR) and confidence intervals (CI) were derived by adjusting odds ratios obtained from these models by the proportion of the outcome in the unexposed/referent groups (P 0 ) according to the formula: RR = OR/[(1-P 0 ) + (P 0 × OR)].
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Results
The distribution of the participants according to individual-level variables is shown in Table 1 . Overall, 36.9% of students reported being physically active for ≥4 hours/ week outside of school. The students that were excluded from the analysis due to missing variables (n = 558) had the same demographic distribution and prevalence of physical activity as the included students. The proportion of students participating in at least 4 hours of physical activity outside of school per week varied significantly between schools (P < .0001), ranging from 13% to 65% across the schools studied. Table 2 presents the bivariate associations between perceptions of safety, availability of facilities and physical activity outside of school. Associations between individual recreational features and physical activity are not shown.
Significant interactions by gender, grade, and geographic location were observed for the associations between the key exposures and physical activity outside of school. Therefore, Table 3 presents results within gender, grade, and geographic location subcategories. Table 4 presents the interaction between individuals' perceptions of safety and availability of neighborhood facilities.
Perceptions of Neighborhood Safety
Individuals' Perceptions of Safety. As indicated in Table 3 , individuals' perceptions of neighborhood safety were associated with physical activity outside of school in all subgroups. Boys and girls with the highest perceptions of safety were 1.31 (95% CI: 1.17-1.45) and 1.45 (1.26-1.65) times more likely to be physically active, respectively, than those with the lowest perceptions of safety. This relationship was stronger in youth living in urban nonmetropolitan areas compared with urban metropolitan and rural youth. Urban youth outside metropolitan areas who perceived their neighborhood as most safe had physical activity rates that were 58% higher than classmates who perceived their neighborhoods as least safe; increases of approximately 30% were observed for urban metropolitan and rural youth.
Group Perceptions of Safety. Group perceptions of safety were important for both genders, elementary school students, and students living in large cities (Table  3) . Elementary school youth at schools with the highest average perceptions of safety were 1.56 (1.18-1.96) times more likely to be physical active compared with those at schools with the lowest group perceptions. Urban metropolitan youth at schools with the highest group perceptions were 1.33 (1.11-1.56) times more likely to be physically active compared with those at schools with the lowest group perceptions; no association was observed among urban nonmetropolitan and rural youth.
Availability of Neighborhood Recreational Features
Individual Recreational Features. Unexpectedly, unadjusted models revealed weak inverse relationships between the number of parks, arenas, community centers, and sportsplexes/stadiums with physical activity outside of school (data not shown). Further adjustment for grade, gender, family affluence, urban location, and perceived safety revealed no consistent relationships between individual parks/facilities features and physical activity among any of the subgroups (data not shown).
Total Number of Recreational Features. Overall, no consistent relationships were observed between availability of recreational facilities and adolescents physical activity. The number of recreational features within students' neighborhoods was not significantly related to physical activity within any of the subgroups (Table 3) . To illustrate, compared with boys living in areas with the fewest recreational features, those living in areas with the most recreational features experienced slightly higher rates of physical activity (1.15, 0.98-1.32); the opposite was true for girls (0.86, 0.69-1.04) ( Table 3) . The relationship between the total number of recreational features and physical activity was not significant irrespective of whether the students lived in neighborhoods they perceived as being safe or unsafe (Table 4) . Without adjusting for group perceptions of safety, this finding remained unchanged (data not shown). 
Discussion
Contrary to the original hypothesis, availability of parks and recreational facilities in school residential neighborhoods was not associated with physical activity in school-aged youth. This finding did not differ based on individuals' perceptions of safety. Individual and group perceptions of neighborhood safety were significantly associated with physical activity participation. Therefore, neighborhood safety may be more important than availability of recreational facilities in influencing youths' participation in physical activity outside of school. Several studies have explored associations between access to parks [3] [4] [5] 8, 9 and recreational facilities 4,6-8,10,11 with physical activity participation in youth. These studies consistently suggest that availability of neighborhood recreational features is weakly associated with a higher physical activity participation in youth. Among studies of neighborhood safety, [3] [4] [5] [6] [7] [12] [13] [14] [15] [16] the majority have observed stronger, although modest, positive associations between increased neighborhood safety and physical activity. [4] [5] [6] [7] 12, [14] [15] [16] Despite the fact that many of the studies referenced in the preceding paragraph investigated both neighborhood safety and availability of facilities, only 1 previous study simultaneously controlled for each to determine their relative importance. Evenson et al 7 investigated the relative importance of perceptions of safety and facility availability among grade 6 girls in the US. Girls' perceptions of a number of recreational facilities were considered along with perceptions of crime, traffic, street lighting, whether they felt it was safe to walk and jog outdoors, and whether pedestrians were visible at night. Street lighting, traffic, walking trails and access to facilities were independently associated with girls' self-reported physical activity outside of school. Thus, both facilities and safety were independent predictors of physical activity participation. These findings are contrary to those of the current study in which individual perceptions of safety, but not neighborhood recreational facilities, were related to physical activity in both genders.
In addition, the current study investigated the importance of safety perceptions at the school-level. Independent of individuals' perceptions of safety, group perceptions of neighborhood safety were important for 
RR (95% CI)
Individual perceptions of safety 1 (least safe) Abbreviations: RR (95%CI), prevalence ratio (95% confidence interval).
Note.
All RR were adjusted for individual and group perceptions of safety, availability of facilities, and where appropriate gender, grade, urban location, and family affluence.
* P value for test of interactions.
Table 3 (continued)
younger but not older youth. Speculatively, this may be the result of differences in how younger youth engage in physical activity compared with older adolescents. It is possible that younger youth are more likely than their older counterparts to participate in more spontaneous outdoor activity with their friends. In such a case, peer perceptions of safety may influence younger people's outdoor physical activity irrespective of their own feelings. Older youth may be more likely to be physically active alone, in which case only their personal opinions of their neighborhood would be influential. Limitations of this research warrant comment. First, due to the cross-sectional design of the HBSC, the temporality of observed relationships could not be established; it is plausible that individuals' physical activity behavior might influence their perceptions of safety through increased exposure to the environment, rather than perceptions influencing physical activity. Second, youth often over-report their physical activity due to social desirability. 19 Third, since no standard method exists for assessment of neighborhood environments, it was unclear which type of buffer should be used (radial versus street network buffers) and what radial distance around schools would be appropriate in capturing the residential neighborhood of schools. Lack of association between availability of parks and facilities and students' physical activity may have been due to an inappropriate definition of neighborhood or the scale of the buffer employed. It would have been ideal to measure residential neighborhoods using buffers constructed around individuals' homes; this was not possible since individuals' addresses were not obtained in the HBSC due to ethical restrictions. It is possible that through use of a 5 km buffer around schools, neighborhood characteristics may have been ascribed to students who in fact do not live within these radii. In addition, circular buffers do not consider physical barriers (eg, freeways, railways, rivers) that might make locations inaccessible. 30 The use of a composite scale of availability of neighborhood facilities is also a limitation as it assumes that each feature would have equal importance in determining physical activity levels. Lastly, there is a potential for neighborhood-level associations to be residually confounded by variables not captured in this research, namely street-connectivity. Street-connectivity (eg, the density and connectedness of roads) may influence ease of outdoor activities 31 and may also be associated road safety and the number of facilities in neighborhoods.
Longitudinal analyses are required to establish whether perceptions of safety are true determinants of students' physical activity. Although perceptions of overall safety were associated with youths' physical activity, it is unclear what components of neighborhood safety are important determinants of adolescent physical activity. Further research is required to tease out the aspects of neighborhood safety (eg, crime, road safety, physical dangers, etc) that influence adolescents' physical activity. In addition, it may be important to understand the extent to which perceptions of safety correspond to the objective environment to plan population-based interventions. Future studies should consider whether the accessibility, affordability and/or quality of recreational features are more important than their availability. Development of a standard approach to measuring the built environment and physical activity would also improve comparability between studies.
Optimizing the safety of neighborhoods and increasing individuals' perception of safety may both be effective in promoting outdoor physical activity among youth. This might involve tangible improvement to roads and facilities or interventions that promote greater social interaction and cohesion among community members. The latter could lead to better social environments for young people and indirectly lead to better rates of physical activity. Increasing the number of recreational spaces available to youth alone may not be effective in promoting physical activity, in the absence an optimized level of neighborhood safety. 
Conclusion
In summary, individual and group perceptions of neighborhood safety were modestly associated with youth physical activity participation, whereas availability of parks and recreational facilities was not. Improving perceptions of safety may be effective in increasing physical activity participation among youth.
